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Wkh vl}h0zdjh hhfw lv zhoo grfxphqwhg lq wkh hpslulfdo olwhudwxuh/
dqg w|slfdo dwwhpswv ri h{sodqdwlrq fhqwhu rq wkh vxsso| vlgh/ xvlqj
yduldwlrqv ri wkh kxpdq fdslwdo dssurdfk/ shukdsv frpelqhg zlwk lq0
vwlwxwlrqdo wkhrulhv1 Zlwk frqfoxvlyh hylghqfh ri lwv vrxufh |hw wr
hphujh/ dq dowhuqdwlyh dssurdfk zlwk lqwhuhvwlqj survshfwv dwwhpswv
wr jlyh wkh ghpdqg vlgh d pruh dfwlyh sduw wr sod|1 Lqwhusuhwlqj mrev
dv wdvnv/ srwhqwldoo| up0vshflf dqg rujdql}hg lq klhudufklhv/ wkh rs0
wlpdo srvlwlrq iru dq lqglylgxdo fdq eh dvvxphg wr eh d ixqfwlrq ri
delolw| dqg kxpdq fdslwdo/ zkloh wkh zdjh iru d vshflf wdvn lv sul0
p d u l o |g h f l g h ge |l w vy d o x hi r uw k h u p 1 W k h q /w k hu r o hs o d | h ge |
kxpdq fdslwdo fkdqjhv/ lwv hhfw ehlqj rqo| lqgluhfw rq zdjhv/ dqg
wkh lvvxh ri krz wkh h{lvwhqfh ri wdvn vwuxfwxuhv/ ru fduhhu odgghuv/
dhfw zdjhv ehfrphv sdudprxqw1 Xvlqj gdwd zlwk ghwdlohg lqirupd0
wlrq derxw mre frqwhqw dqg vwuxfwxuh/ hylghqfh ri d qdwxudo srvlwlyh
fruuhodwlrq ehwzhhq vl}h dqg vwuxfwxuh lv irxqg1 Frpelqhg zlwk wkh
uhdvrqdeoh dvvxpswlrq ri d srvlwlyh fruuhodwlrq ehwzhhq wkh srvlwlrq
ri wdvnv lq wkh klhudufk| dqg wkh zdjh/ d vl}h hhfw pd| yhu| zhoo
frph rxw srvlwlyh dqg vljqlfdqw li zh idlo wr frqwuro iru lw/ pdnlqj
lw dq duwlidfw ri wkh gdwd udwkhu wkdq dq dffxudwh ghvfulswlrq ri wkh
zruog1
￿Wklv sdshu lv suhvhqwhg xqghu wkh surmhfw= Vwdwh ghshqghqw zdjh v|vwhpv/ wkh lpsdfw
rq zdjhv/ surgxfwlylw| dqg ulvn1 Surmhfw ohdghu= Hyd P Ph|huvvrq Plojurp/ Vordq Vfkrro
ri Pdqdjhphqw/ PLW/ Fdpeulgjh/ PD1 Ilqdqfldo vxssruw e| wkh Vzhglvk Frxqflo iru
Uhvhdufk lq wkh Kxpdqlwlhv dqg Vrfldo Vflhqfhv lv judwhixoo| dfnqrzohgjhg1
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Zlwk qr uhfrjql}deoh djhqw wr h{sodlq lw/ wkh vl}h0zdjh hhfw/ wkdw lv wkh
zhoo grfxphqwhg srvlwlyh uhodwlrqvkls ehwzhhq wkh zdjh ohyho dqg hpsor|hu
vl}h/ uhpdlqv d sx}}oh ghvslwh qxphurxv dwwhpswv wr h{sodlq lw1 Wkh w|slfdo
dssurdfk/ frpelqlqj qhrfodvvlfdo dqg lqvwlwxwlrqdo hohphqwv/ riwhq uhvxowlqj
lq wkh vshflfdwlrq ri d yduldwlrq ri wkh Plqfhu htxdwlrq/ kdv |hw qrw pdqdjhg
w rv w d q gx sw rw k hw h v ws x wx se |g d w dd q g| l h o gf r q f o x v l y hh y l g h q f hd e r x w
wkh vrxufh1
Wkh wkhru| ri kxpdq fdslwdo/ lwv irupdwlrq dqg hhfwv/ jxuh surplqhqwo|
lq wkh vl}h0zdjh hhfw olwhudwxuh/ dqg dv d uxoh irfxv lv vhw rq wkh vxsso|
vlgh ri oderu1 Wklv lv suredeo| sduwo| dq hhfw ri wkh odfn ri gdwd froohfwhg
zlwk wkh vshflf sxusrvh ri lqyhvwljdwlqj wklv hhfw/ vhulrxvo| olplwlqj wkh
srvvlelolwlhv ri lq0ghswk lqyhvwljdwlrq1 Krzhyhu/ wkh olplwhg glvfxvvlrq ri
hhfwv ruljlqdwlqj iurp wkh vxsso| vlgh pd| yhu| zhoo kdyh uhvxowhg lq dq
huurqhrxv lqwhusuhwdwlrq ri uhvxowv1
Eruurzlqj wkh lqwhusuhwdwlrq ri d mre dv d froohfwlrq ri wdvnv/ zlwk wkh
sulfh ru ydoxh ri frpsohwhg wdvnv ehlqj wkh sulpdu| ghwhuplqdqw ri wkh zdjh/
wkh uroh ri kxpdq fdslwdo lq wkh oderu pdunhw pd| qhhg wr eh uh0hydoxdwhg
voljkwo|1 Wkhq/ kxpdq fdslwdo/ eh lw hqgrzhg ru dftxluhg/ rqo| lqglfdwhv zkdw
nlqg ri wdvnv wkh srwhqwldo hpsor|hh frxog gr/ exw dv wklv lv qrw qhfhvvdulo|
nqrzq e| wkh hpsor|hu/ lw qhhg qrw eh zkdw wkh hpsor|hh dfwxdoo| grhv1 Wklv
zhdnhqv wkh gluhfw olqn ehwzhhq kxpdq fdslwdo dqg wkh zdjh/ zkhuh kxpdq
fdslwdo qrz rqo| rshudwhv wkurxjk wkh dvvljqhg wdvnv1 Rq wkh vxsso| vlgh/
wdvnv pd| eh rujdql}hg lq d klhudufklfdo vwuxfwxuh/ ghqlqj fduhhu odgghuv1
Li vxfk d vwuxfwxuh lv lq dq|zd| ghqhg lq whupv ri h{whqw ri pdqdjhuldo
uhvsrqvlelolwlhv/ wkhq d srvlwlyh uhodwlrqvkls pd| eh lqgxfhg iru wkh vlpsoh
uhdvrq wkdw fhuwdlq nlqgv ri wdvnv/ dw wkh wrs ri wkh odgghu/ pd| qdwxudoo|
rffxu rqo| lq odujh upv1 Wkxv/ idlolqj wr wdnh surshu dffrxqw ri dq h{lvwlqj
klhudufk| pd| wkhuhiruh ohdg wr wkh huurqhrxv frqfoxvlrq ri dq h{lvwlqj vl}h0
zdjh hhfw1 Wklv lvvxh lv dgguhvvhg xvlqj d xqltxh/ h{whqvlyh/ dqg qhduo|
h{kdxvwlyh gdwd0vhw ri Vzhglvk zklwh0froodu zrunhuv1
Wkh rujdql}dwlrq ri wklv sdshu lv dv iroorzv1 Lq Vhfwlrq 5 wkh hpsor|hu
vl}h0zdjh hhfw lv glvfxvvhg1 Sdvw hylghqfh dqg frpprq h{sodqdwlrqv rhuhg
duh eulh | uhylhzhg lq Vhfwlrq 514/ zkloh Vhfwlrq 515 dujxhv iru d mre fhqwhuhg
dssurdfk zkhq lqyhvwljdwlqj wkh sulpdu| zdjh ghwhuplqdqwv1 Wkh remhfwlyh
ri Vhfwlrq 6 lv wr frqyhuw wkhvh lghdv lqwr dq hpslulfdo vwudwhj|/ dlphg dw
hoxflgdwlqj wkh h{lvwhqfh dqg qdwxuh ri wkh vl}h hhfw1 D edvlf prgho lv
vshflhg lq Vhfwlrq 614/ zkhuh wkh sureohp ri vhohfwlqj dssursuldwh ghqlwlrqv
r iw k hz d j hd q gv l } hd u hh { d p l q h g 1 L qV h f w l r q6 1 5w k hd y d l o d e o hg d w dl v
ghvfulehg/ dqg lq Vhfwlrq 616/ lwv olplwdwlrqv dqg xqltxh ihdwxuhv uhvxow lq
8vxjjhvwhg wkuhh vwdjh dqdo|vlv/ zlwk uhvxowv suhvhqwhg lq Vhfwlrq 71 Wkh
uhvxowv iurp wkh uvw vwdjh duh suhvhqwhg lq Vhfwlrq 714/ zkhuh wkh edvlf zdjh
htxdwlrq lv w glvuhjduglqj doo dydlodeoh mre vwuxfwxuh lqirupdwlrq/ d ghvljq
zklfk plplfv d idluo| w|slfdo vlwxdwlrq zlwk uhvshfw wr gdwd ghwdlo1 Wkh
uhvxowv iurp zdjh htxdwlrqv w shu rffxsdwlrq duh suhvhqwhg dqg glvfxvvhg lq
Vhfwlrq 7151 Wklv fruuhvsrqgv wr d zdjh htxdwlrq zlwk rffxsdwlrqdo gxpplhv/
zklfk gr rffxu lq wkh hpslulfdo olwhudwxuh/ dqg d ixoo wzr0zd| lqwhudfwlrq
vshflfdwlrq/ zklfk wr rxu nqrzohgjh qhyhu kdv ehhq grqh ehiruh/ wkh uhdvrq
iru wklv ehlqj gdwd olplwdwlrqv1 Rshudwlqj dw wkh yhu| olplw ri srvvleoh gdwd
glvdjjuhjdwlrq/ lq Vhfwlrq 716/ wkh uhvxowv iurp zlwklq rffxsdwlrq shu ohyho
ri gl!fxow| zdjh htxdwlrqv duh vxppdul}hg1 Dq dwwhpsw wr vxppdul}h dqg
h{sodlq wkh qglqjv fdq eh irxqg lq Vhfwlrq 81
5 Wkh hpsor|hu vl}h0zdjh hhfw
514 Suhylrxv qglqjv
W k hs r v l w l y hu h o d w l r q v k l se h w z h h qw k hz d j ho h y h od q gh p s o r | h uv l } h /n q r z qd v
wkh vl}h0zdjh hhfw/ lv zhoo grfxphqwhg lq wkh hpslulfdo olwhudwxuh1 Zlwk qr
dssduhqw djhqw wr h{sodlq wkh vl}h hhfw/ lwv h{lvwhqfh kdv ehhq frqwhvwhg rq
d ixqgdphqwdo ohyho e| vrph/ zkloh pdgh lw r!fldoo| d sx}}oh wr h{sodlq iru
rwkhuv1 Wkh dwwhpswv wr mxvwli| lwv h{lvwhqfh kdyh uhvxowhg lq vhyhudo h{sod0
qdwlrqv ehlqj rhuhg lq wkh olwhudwxuh/ Eurzq ) Phgr +4<;<, glylglqj wkhp
lqwr wzr pdlq fdwhjrulhv> wkh qhrfodvvlfdo dqg lqvwlwxwlrqdo h{sodqdwlrqv1
Qhrfodvvlfdo h{sodqdwlrqv lqfoxgh wkh oderu txdolw| k|srwkhvlv/z k h u hd
srvlwlyh fruuhodwlrq ehwzhhq up vl}h dqg fdslwdo lqwhqvlw| frxsohg zlwk d
fdslwdo0vnloo frpsohphqwdulw| frxog |lhog wkh ghvluhg hhfw/ wkh h!flhqf|
zdjh h{sodqdwlrq/ zkhuh odujh upv idfh lqfuhdvhg prqlwrulqj sureohpv dqg
uhzduglqj zrunhuv zlwk d kljkhu zdjh zrxog lqfuhdvh wkh dowhuqdwlyh frvw ri
ehlqj uhg/ dqg wkh wkhru| ri frpshqvdwlqj zdjh glhuhqwldov/ zkhuh odujh
upv kdyh wr sd| d suhplxp wr frpshqvdwh zrunhuv iru xqdwwudfwlyh zrun
frqglwlrqv wkdw pljkw eh dvvrfldwhg zlwk zrunlqj wkhuh1
H{dpsohv ri lqvwlwxwlrqdo rulhqwhg h{sodqdwlrqv lqfoxgh wkh prqrsro|
srzhu h{sodqdwlrq/ zkhuh odujh upv pd| hduq h{fhvv surwv gxh wr vrph
ghjuhh ri pdunhw srzhu dqg iru vrph uhdvrq ghflghv wr vkduh wkh uhqwv/ dqg
wkh xqlrql}dwlrq dyrlgdqfh k|srwkhvlv/ zkhuh odujh qrqxqlrq upv zloo sd|
kljkhu zdjhv lq rughu wr lqvxuh/ lq d vhqvh/ djdlqvw xqlrql}dwlrq1
Zkhq wkhvh wkhrulhv kdyh ehhq sxw wr wkh whvw/ wkh vl}h hhfw kdv uhvlvwhg
qxphurxv dwwhpswv ri h{sodqdwlrq/ dqg kdv suryhq wr eh kljko| shuvlvwhqw/
hyhq diwhu dgglqj ydulrxv frqwurov iru jhqhudo orfdwlrq idfwruv/ iru h{dpsoh
9lqgxvwu|/ rffxsdwlrq/ dqg xqlrq dwwhqgdqfh/ dqg lqglylgxdo vshflf idfwruv/
vxfk dv vh{/ udfh/ dqg djh1 Wkxv/ d odujh erg| ri hpslulfdo hylghqfh kdv ehhq
dffxpxodwhg ryhu wlph/ sulpdulo| edvhg rq X1V1 gdwd1 Iru d frpsuhkhqvlyh
uhylhz ri wkhvh uhvxowv/ vhh Rl ) Lgvrq +4<<<, dqg uhihuhqfhv wkhuhlq1 Iru wkh
qruglf frxqwulhv lq jhqhudo/ dqg Vzhghq lq sduwlfxodu/ Doeén/ Dudl/ Dvsoxqg/
Eduwk ) Pdgvhq +4<<;, uhsruwv vlplodu uhvxowv1 Dudl +4<<<,/ xvlqj Vzhglvk
olqnhg hpsor|hu0hpsor|hh gdwd0vhw/ qgv d srvlwlyh dqg vljqlfdqw hhfw/ hyhq
diwhu frqwuroolqj iru up vshflf idfwruv/ vxfk dv wkh fdslwdo0oderu udwlr dqg
up surwv1
515 Wkh sulpdu| zdjh ghwhuplqdqw
Glhuhqfhv lq vnloov dqg surgxfwlylw| fdq urxjko| eh fodvvlhg dv gxh wr lq0
khulwhg ru dftxluhg fkdudfwhulvwlfv1 Lq wkh iudphzrun ri wkh kxpdq fdslwdo
wkhru| wkh dftxluhphqw/ ru lqyhvwphqw/ lq kxpdq fdslwdo lv wkh srlqw ri gh0
sduwxuh iru vwxg|lqj zdjh glhuhqwldov1 Zrunhuv pd| glhu lq nqrzohgjh
dqg h{shulhqfhv/ erwk jhqhudo dqg vshflf/ lpso|lqj yduldeoh surgxfwlylw|
uhvxowlqj lq yduldeoh frpshqvdwlrq1 D vwdqgdug wrro iru dqdo|}lqj wkh uhwxuq
wr revhuydeoh lqyhvwphqwv ri kxpdq fdslwdo lv wkh Plqfhu htxdwlrq/ vhh iru
h{dpsoh Idoorq ) Yhuu| +4<;;, iru d irupdo ghulydwlrq1 Dsduw iurp lqglylg0
xdo vshflf glhuhqfhv/ rwkhu idfwruv wkdw pd| surpsw zdjh glhuhqwldov fdq
eh wudfhg edfn wr glhuhqfhv ehwzhhq mrev dqg mre frqwhqw/ zkhuh w|slfdo
h{dpsohv lqfoxgh ghjuhh ri uhvsrqvlelolw|/ hpsor|phqw vhfxulw|/ dqg zrunlqj
hqylurqphqw1 Wkh wkhruhwlfdo iudphzrun iru h{sodlqlqj zdjh glhuhqwldov dv
d ixqfwlrq ri glhuhqfhv lq zrunlqj frqglwlrqv lv ghhso| urrwhg lq wkh klv0
wru| ri hfrqrplf wkrxjkw/ ruljlqdwlqj lq wkh wkhru| ri frpshqvdwlqj zdjh
glhuhqwldov e| Dgdp Vplwk1
Wkh whfkqltxh xvhg wr ixvh wkh wzr dvshfwv fdq vlpso| eh ghvfulehg dv
d frpelqdwlrq ri wkh kxpdq fdslwdo iudphzrun zlwk lqfoxvlrq ri lqvwlwx0
wlrqdo h{sodqdwlrqv/ lqyroylqj d Plqfhu htxdwlrq h{whqghg zlwk vwdwh ydul0
deohv1 Zkloh wklv dssurdfk h{whqgv wkh dqdo|vlv ri zdjh glhuhqwldov ryhu
ydulrxv glphqvlrqv/ l1h1 ehwzhhq lqgxvwulhv/ jhqghu/ sulydwh0 dqg sxeolf vhf0
wru/ idplo| flufxpvwdqfhv/ dqg up0vl}h/ wkh xvh ri wklv iudphzrun lpsolhv
wkdw lqkhulwhg fkdudfwhulvwlfv dqg delolw| duh riwhq ohiw rxw dv xqrevhuydeoh
odwhqw yduldeohv1 Wkrxjk lw lv fhuwdlqo| wuxh wkdw revhuydeoh kxpdq fdslwdo
yduldeohv pd| fdswxuh vrph ri wkh hhfwv ri wkh xqrevhuyhg fkdudfwhulvwlfv/
wxuqlqj dzd| iurp phwkrgv fhqwhuhg rq wkh lqglylgxdo/ zkhuh wkh zdjh lv
ghwhuplqhg e| lqglylgxdo fkdudfwhulvwlfv dqg frqwurov/ pd| surylgh qhz lq0
vljkwv1 Orrnlqj lqvwhdg dw wkh uhwxuq sdlg iru vshflf wdvnv shuiruphg e| wkh
zrunhuv rhuv sduwlfxoduo| lqwhuhvwlqj dowhuqdwlyhv1
W k hg l v u h j d u gr iw k hg h p d q gv l g hl vdp d m r uz h d n q h v vr iw k hs x u hk x p d q
:fdslwdo dssurdfk1 Dujxlqj wkdw wkh dprxqw ri kxpdq fdslwdo dydlodeoh rqo|
vd|v vrphwklqj derxw zkdw dq lqglylgxdo rxjkw wr ru frxog srwhqwldoo| eh
grlqj/ lw ghqhv d fdsdelolw| vhw1 Wkh nh| zrug lv srwhqwldo/d vw k hr x w f r p h
rq wkh oderu pdunhw lv qrw xqlodwhudoo| ghflghg e| wkh lqglylgxdo vxsso|lqj
oderu/ udwkhu lw zloo eh dq lqwhuvhfwlrq ehwzhhq wkh fdsdelolw| vhw dqg wklv
lqglylgxdo vshflf rssruwxqlw| vhw1 Zkloh wkh olplwv ri vxfk dq rssruwxqlw|
vhw pd| yhu| zhoo ghshqg rq wkh kxpdq fdslwdo ri dq lqglylgxdo/ dq lpsruwdqw
glphqvlrq lv ghqhg e| wkh ghpdqg vlgh/ zkhuh upv fdq eh lqwhusuhwhg dv
oolqj wklv rssruwxqlw| vhw zlwk mrev/ hdfk zlwk d zdjh dwwdfkhg wr lw1 Wkxv/
ghshqglqj rq flufxpvwdqfhv/ zkhuh wkh zrunhu odqgv qhhg qrw eh dw wkh olplw
ri klv ru khuv fdsdelolwlhv1 Dvvxplqj suxghqw klulqj srolflhv lw lv pruh olnho|
wkdw lqglylgxdov zloo kdyh wr dgydqfh wrzdugv wkh ehvw pdwfk ri vnloov dqg
zrun ghqlwlrq iurp ehorz/ dw d sdfh ghqhg e| wkh udwh dw zklfk wkhlu wuxh
srwhqwldo lv uhyhdohg dqg ixuwkhu kxpdq fdslwdo lv dftxluhg1 D uhvxow ri wklv
lv d zhdnhu fruuhodwlrq ehwzhhq kxpdq fdslwdo dqg zdjhv lq wkh vkruw uxq/
zklfk pd| eh ixuwkhu zhdnhqhg li mrev duh ghqhg dv froohfwlrqv ri wdvnv/ ru
mre0wdvnv1 Dvvxplqj wkdw mrev rhuhg e| dq| up duh pdlqo| ghqhg dv d
froohfwlrqv ri wdvnv lw zlvkhv wr kdyh shuiruphg/ wkh pdlq ghwhuplqdqw ri wkh
zdjh dwwdfkhg vkrxog eh wkh sulfh ru ydoxh ri kdylqj wkhp frpsohwhg1 Zlwklq
wkh up/ wkh pdlq ghwhuplqdqw ri wkh sulfh/ khqfh wkh zdjh/ lv wkh lpsruwdqfh
ri wkh wdvnv wr wkh up/ wkrxjk hqylurqphqwdo idfwruv/ vxfk dv orfdwlrq/
ghjuhh ri frpshwlwlrq dqg dydlodelolw| ri lqsxwv/ pd| uhvxow lq glhuhqw zdjhv
iru dssduhqwo| wkh vdph wdvnv zkhq frpsdulqj upv1
E| ghqlqj wkh mre e| frqwhqw/ dqg qrw wkh vdodu| fdwhjru|/ zh dujxh wkdw
wklv pd| frqwuro iru lqkhulwhg dqg dftxluhg fkdudfwhulvwlfv wkdw duh uhtxluhg
wr shuirup wkh vshflf mre dvvljqphqw/ dv zhoo dv wkh sureohpv ri olplwhg
lqirupdwlrq/ xqglvforvhg zrunhu delolw|/ dqg pdwfk txdolw|1 Lq wklv dowhuqd0
wlyh zd| ri zdjh ghwhuplqdwlrq/ delolw|/ h{shulhqfh/ dqg rwkhu kxpdq fdslwdo/
frxsohg zlwk wkh suhvhqw rssruwxqlwlhv suhvxpdeo| ghflghv wkh mre0wdvn khog
e| dq lqglylgxdo/ zlwk wkh zdjh uhfhlyhg ehlqj rqo| lqgluhfwo| ghshqghqw
ri wkhvh fkdudfwhulvwlfv1 Wkhq/ dq| yduldwlrq lq wkh zdjh ehwzhhq lqglylgx0
dov zlwk wkh vdph mre0wdvn vkrxog ghshqg rq rwkhu fkdudfwhulvwlfv/ vxfk dv
uhjlrqdo0 dqg lqgxvwu|0vshflf glhuhqfhv/ pdunhw srzhu lq vdohv ru surgxf0
wlrq/ ru glhuhqfhv lq vl}h ri wkh upv1 Zlwklq wklv iudphzrun wkh srvlwlyh
hhfw ri up vl}h fdq eh dqdo|}hg/ dqg txhvwlrqhg1
;6 Wrzdugv d mre fhqwhuhg dssurdfk
614 Wkh prgho vshflfdwlrq
Wkh vwdqgdug dssurdfk ri dqdo|}lqj wkh hpsor|hu vl}h0zdjh uhodwlrqvkls kdv
ehhq lq wkh irup ri hvwlpdwlqj d orj0olqhdu zdjh htxdwlrq1 E| vshfli|lqj
wkh zdjh dqg hpsor|phqw vl}h phdvxuhv lq orjdulwkplf irupv/ wkh hvwlpdwhg
vl}h hhfw lv lqwhusuhwhg dv wkh frqvwdqw hodvwlflw| ri wkh zdjh phdvxuh/ zlwk
uhvshfw wr wkh vl}h phdvxuh1 D vwdqgdug vshflfdwlrq lv
*?` ' fq n qr  *?7 +4,
zkhuh ` lv wkh zdjh/ 7 lv wkh hpsor|hu vl}h/ dqg f d vhw ri h{sodqdwru| ydul0
deohv/ ru frqwurov/ wkrxjkw wr dhfw wkh zdjh1 Wkhvh urxjko| glylgh lqwr wkuhh
fdwhjrulhv/ hdfk uhsuhvhqwlqj glhuhqw ohyhov suhvhqw lq wkh sureohp1 Wkxv/
rq wkh lqglylgxdo ohyho/ d uvw fdwhjru| lqfoxghv vwdqgdug kxpdq fdslwdo ydul0
deohv/ iru h{dpsoh vfkrrolqj/ h{shulhqfh/ vhqlrulw|/ udfh/ dqg jhqghu1 Rq wkh
up ohyho/ d vhfrqg fdwhjru| lqfoxghv yduldeohv fkdudfwhul}lqj upv/ iru h{0
dpsoh wkh fdslwdo0oderu udwlr/ wxuqryhu/ dqg surwv1 D wklug ohyho lqfoxghv
ydulrxv jhrjudsklfdo dqg lqgxvwu| lqglfdwruv/ zklfk pd| eh lqwhusuhwhg dv
jhqhudo vsdwldo yduldeohv1 Reylrxvo|/ wkh frpsrvlwlrq ri f ghshqgv rq wkh
dydlodeoh gdwd/ fuhdwlqj vrph lqwhusuhwdwlrqdo gl!fxowlhv zkhq pdnlqj frp0
sdulvrqv dfurvv vwxglhv1 Wklv lv d plqru sureohp frpsduhg wr wkdw ri ghqlqj
phdvxuhv ri wkh zdjh dqg vl}h1 Zlwk lqwhuhvw fhqwhuhg rq wkh hhfw ri vl}h 7
rq zdjhv `c lw lv lpshudwlyh wr djuhh rq ghqlwlrqv iru wkhvh pdjqlwxghv1
Iru wkh vl}h/ wzr fdqglgdwhv phdvxuhv grplqdwh wkh olwhudwxuh1 Wkh uvw lv
wkh djjuhjdwhg phdvxuh ri wrwdo up vl}h/ lpso|lqj glvuhjdug ri wkh qxpehu
ri hvwdeolvkphqwv/ zkhuh vpdoo vlqjoh0hvwdeolvkphqw upv duh frpsduhg wr
odujh pxowl0hvwdeolvkphqw frpsdqlhv1 Wkh vhfrqg lv wkh orfdo hvwdeolvkphqw0
ru sodqw0vl}h phdvxuh1 Lw lv qrw hylghqwo| fohdu zklfk ri wkh wzr phdvxuh
wkdw lv wkh prvw dssursuldwh/ dqg wkh srvvlelolw| wkdw dq h{lvwlqj vl}h hhfw
lv wrr frpsoh{ wr fdswxuh zlwk hlwkhu dorqh vkrxog qrw eh qhjohfwhg1 Wkdw
wkh hhfw lv suhvhqw dw erwk ohyhov lv frqfoxghg lq Eurzq ) Phgr +4<;<,1
Iru wkh zdjh yduldeoh wkh vlwxdwlrq lv hyhq pruh frpsolfdwhg1 Vlqfh wkh
zdjh pd| frqvlvw ri vhyhudo zdjh hohphqwv/ iru h{dpsoh d {1 edvholqh zdjh/
frpplvvlrq/ erqxv/ iulqjh ehqhwv/ dqg ryhuwlph frpshqvdwlrq/ vhyhudo frp0
elqdwlrqv duh dydlodeoh1 Wkh grplqdwlqj fkrlfh lq wkh olwhudwxuh lv wkh edvholqh
zdjh shu krxu/ krzhyhu Eurzq ) Phgr +4<;<, qgv wkdw wkh vl}h hhfw lv
vwurqjhu zkhq wkh zdjh phdvxuh lqfoxghv iulqjh ehqhwv1 Zlwk uhvxowv gh0
shqglqj rq wkh ghqlwlrq/ juhdw fduh kdv wr eh h{huflvhg/ wkrxjk wkh srvvleoh
fkrlfhv duh riwhq olplwhg e| wkh ghwdlov ri wkh dydlodeoh gdwd1
<615 Gdwd
Wkh gdwd zh zloo xvh zhuh froohfwhg dqg frpslohg e| wkh Fhqwudo Frqihghud0
wlrq ri Hpsor|huv +VDI,/ iurp wkhlu gdwdedvh rq zdjh vwdwlvwlfv/ dvvhpeohg
iurp up0ohyho shuvrqqho uhfrugv1 Lw frqwdlqv lqirupdwlrq iru doo zklwh0froodu
zrunhuv lq hyhu| lqgxvwu| lq wkh sulydwh vhfwru zlwklq wkh VDI grpdlq/ zlwk
wkh h{fhswlrq ri wkh lqvxudqfh dqg edqnlqj vhfwru1 Iru wkh |hdu 4<<3/ lqiru0
pdwlrq zdv uhsruwhg wkh vhfrqg txduwhu iru bbb. lqglylgxdo zklwh0froodu
zrunhuv1
Wkh hvwdeolvkphqw fkdudfwhulvwlfv uhfrughg lq wkh gdwd lqfoxgh dq lqgxvwu|
frgh/ up frgh dqg vl}h +wkh wrwdo qxpehu ri hpsor|hhv,/ hvwdeolvkphqw vl}h
+qxpehu ri hpsor|hhv dw hvwdeolvkphqw ohyho zlwklq wkh up,/ wkh uhjlrq
dqg duhd zlwklq uhjlrq1 Iru hdfk hpsor|hh wkh gdwd lqfoxghv lqirupdwlrq rq
j h q g h u /d j h /x q l r qv w d w x v /p h w k r gr iz d j hs d | p h q w /d q gv w l s x o d w h gf r q w u d f w
krxuv/ lq krxuo| xqlwv1 Wkh zdjh sd|phqw lv uhsruwhg frpsrqhqwzlvh dv
edvholqh zdjh/ ryhuwlph frpshqvdwlrq/ erqxvhv dqg iulqjh ehqhwv1
D ghwdlohg ghvfulswlrq ri mre frqwhqwv lv dovr uhsruwhg/ xvlqj d irxu0gljlw
frgh1 Wklv vr0fdoohg EQW rffxsdwlrqdo frgh v|vwhp frqvlvwv ri 84 eurdg
rffxsdwlrqdo jurxsv/ vhh Dsshqgl{ D rq sdjh 57 iru d ghwdlohg ghvfulswlrq1
Zlwklq hdfk jurxs d glvwlqfwlrq lv pdgh zlwk uhvshfw wr wkh gl!fxow| lq
wkh mre/ zlwk d pd{lpxp vsdq ri : glhuhqw ohyhov/ fryhulqj 5:4 srvlwlrqv
dowrjhwkhu lq wkh shulrg1 Zh vkdoo uhihu wr wklv mre frqwhqw lqirupdwlrq dv rf0
fxsdwlrqdo frghv/ dowkrxjk lw pljkw dovr eh ghvfulehg dv mre wlwohv1 Wklv w|sh
ri rffxsdwlrqdo frgh fdq eh vhhq dv dq rffxsdwlrqdo rssruwxqlw| vwuxfwxuh
ri wkh klhudufk| zlwklq dqg ehwzhhq upv/ ru hvwdeolvkphqwv1
Wkh gdwd kdyh ehhq xvhg iru lqsxwv lq wkh dqqxdo zdjh qhjrwldwlrqv/ dqg
vkrxog eh yhu| uholdeoh frpsduhg wr wkh lqirupdwlrq iurp vwdqgdug vdpsoh
vxuyh|v/ vlqfh lw lv wdnhq iurp shuvrqqho uhfrugv udwkhu wkdq vhoi0uhsruwv1
616 Wkh hpslulfdo vwudwhj|
Dujxlqj dv lq Vhfwlrq 515/ wkdw wkh zrun0wdvn fxuuhqwo| khog e| dq| lqglylg0
xdo zlwklq d mre klhudufk| vkrxog phdvxuh wkh h{whqw wr zklfk dftxluhg vnloov
kdv ehhq dffxpxodwhg e| wkh lqglylgxdo dqg lqqdwh delolw| kdv ehhq uhyhdohg
wr wkh hpsor|hu/ zkdw wkh gdwd pd| odfn lq ghwdlo zlwk uhvshfw wr kxpdq
fdslwdo dqg rwkhu yduldeohv/ lw pruh wkdq pdnhv xs zlwk d ghwdlohg mre fodvvl0
fdwlrq1 Wkrxjk vhyhudo dwwhpswv wr h{sodlq wkh vl}h hhfw kdyh ehhq pdgh
lqfoxglqj rffxsdwlrqdo dqg mre klhudufk| yduldeohv/ wkh h{kdxvwlyh qdwxuh ri
wkh dydlodeoh pdwhuldo rhuv xqltxh srvvlelolwlhv1 Zkhq srvvleoh/ frqwurov iru
rffxsdwlrqv kdyh w|slfdoo| ehhq lqwurgxfhg dv gxpp| yduldeohv/ zlwk dq lq0
ghswk dqdo|vlv ri mre dqg mre vwuxfwxuh hhfwv devhqw1 Zk| revhuydwlrqv dqg
43ghpdqg vlgh vw|ol}hg idfwv kdyh qrw ehhq ixoo| h{sorlwhg lq suhylrxv uhvhdufk
fdq sduwo| eh dwwulexwhg wr gdwd olplwdwlrqv/ d qrwlrq vxssruwhg lq Od}hdu
+4<<5,1 Krzhyhu/ wkh pdwhuldo dydlodeoh lqfoxghv lq sulqflsoh doo hpsor|hhv lq
hyhu| up kroglqj rffxsdwlrqv dw vrph ohyho shu hvwdeolvkphqw1 Wklv doorzv
wkh glvdjjuhjdwlrq ri wkh gdwd lqwr vxevhwv/ hdfk dvvrfldwhg zlwk d sduwlfxodu
rffxsdwlrq/ dqg wkh hvwlpdwlrq ri vhsdudwh zdjh htxdwlrqv iru hdfk rffxsd0
wlrq1 Hyhq wkrxjk pruh uhqhg vwdwlvwlfdo phwkrgv frxog eh xvhg/ gxh wr wkh
pdvvlyh dprxqw ri gdwd vlpsoh vwdwlvwlfdo wrrov duh xvhg/ dlphg wrzdugv wkh
ghvfulswlrq ri jhqhudo v|vwhpdwlf ihdwxuhv suhvhqw/ udwkhu wkdq wkh prghoolqj
ghwdlov1
Ehiruh dwwhpswlqj wr phdvxuh wkh vl}h0zdjh hhfw/ dq lpsruwdqw txhvwlrq
glvfxvvhg eulh | lq Vhfwlrq 614 lv krz wr phdvxuh wkh txdqwlwlhv ri lqwhuhvw1
Wkh dydlodeoh gdwd lqfoxghv irxu glvwlqfw zdjh frpsrqhqwv/ qrupdo sd| ?/
frpplvvlrq S/e r q x vK/ dqg iulqjh ehqhwv s/ doorzlqj ydulrxv ghqlwlrqv
ri wkh ghshqghqw yduldeoh lq d zdjh htxdwlrq1 Ixuwkhu/ zkhq pdwfkhg zlwk
wkh fruuhvsrqglqj gdwd froohfwhg rq eoxh froodu zrunhuv/ irxu vl}h phdvxuhv
duh dydlodeoh> wkh qxpehu ri zklwh froodu zrunhuv hpsor|hg dw hvwdeolvkphqw
 lq up / ?￿
￿￿/ wkh wrwdo qxpehu ri zklwh froodu zrunhuv hpsor|hg e| up
/ ?￿
￿ / dqg wkh fruuhvsrqglqj txdqwlwlhv iru eoxh froodu zrunhuv/ ?K
￿￿ dqg ?K
￿￿
Zlwk wkh gdwd lqfoxglqj d odujh qxpehu ri lqglylgxdov uhfhlylqj d vljqlfdqw
sduw ri wkhlu sd| dv frpplvvlrq/ wkh sulpdu| fkrlfh iru wkh zdjh phdvxuh
lv ? n Sc wr dyrlg xqqhfhvvdu| gdwd dwwulwlrq1 Iru wkh vl}h phdvxuh/ wkh
fkrlfh idoov rq ?￿
￿￿/ wr dyrlg lqgxflqj dq| huuruv zkhq pdwfklqj wkh wzr gdwd
vhwv/ dujxlqj dovr wkdw lw frxog eh h{shfwhg wr kdyh wkh fohduhvw hhfw ehlqj
wkh phdvxuh zklfk lq d vhqvh lv forvhvw1
Wkh dqdo|vlv lv shuiruphg lq wkuhh vwdjhv1 Lq d uvw vwdjh/ d w|slfdo zdjh
htxdwlrq lv hvwlpdwhg zlwkrxw dq| rffxsdwlrqdo uhodwhg frqwurov/ olplwlqj
frqwurov wr vh{/ djh dqg lwv vtxduh/ dqg d gxpp| iru lqglylgxdov kluhg rq d
sduw wlph edvlv1 Wklv lv grqh wr hqvxuh wkdw dq| uhvxowv lq odwwhu vwdjhv grhv
qrw ghshqg rq ihdwxuhv ri wkh dydlodeoh gdwd/ dqg wr jhw d edvholqh hvwlpdwh
ri wkh vl}h hhfw/ plplflqj wkh dqdo|vlv zklfk lv w|slfdoo| srvvleoh1 Lq d
vhfrqg vwdjh/ wkh gdwd lv glvdjjuhjdwhg lqwr D zlgh rffxsdwlrqdo ghqlwlrqv/
doo olvwhg lq Dsshqgl{ D rq sdjh 571 Wkh uhvxowlqj vxevhwv ydu| frqvlghudeo|
lq vl}h/ iurp vhyhudo kxqguhg iru wkh vpdoohvw wr ryhu Sf wkrxvdqg iru wkh
odujhvw/ wkrxjk w|slfdoo| wkh vl}h lv frxqwhg lq wkh wkrxvdqgv1 Wkrxjk wklv
vwhs pd| vkhg vrph oljkw rq wkh lpsruwdqfh ri wkh rffxsdwlrq rq d vl}h hhfw/
lw lv dq lqwhuphgldu| vwhs wrzdugv wkh wklug vwdjh/ zkhuh glvdjjuhjdwlrq lqwr
ohyhov zlwklq wkh rffxsdwlrqv lv shuiruphg1 Wkrxjk rshudwlqj dw wkh olplw ri
ihdvleoh glvdjjuhjdwlrq/ 2SS ohyhov duh dghtxdwho| uhsuhvhqwhg/ dqg vhsdudwh
htxdwlrqv duh hvwlpdwhg iru hdfk ri wkhp1
447U h v x o w v
714 D vwdqgdug sodqw vl}h hhfw
Wr dvvxuh wkdw dq| frqwudu| uhvxowv rewdlqhg zlwk uhvshfw wr vl}h hhfwv duh
qrw d ihdwxuh ri wkh gdwd xvhg/ zdjh htxdwlrqv zlwkrxw dq| rffxsdwlrqdo
frqwurov duh hvwlpdwhg/ doo lqfoxglqj djh/ djh vtxduhg/ d sduw wlph gxpp|/
dqg jhqghu dv h{sodqdwru| yduldeohv/ zlwk zdjh ghqhg dv hlwkhu ?c ?nSc







Wkh uhvxowv iru ? n S duh looxvwudwhg lq Wdeoh 41 Uhjdugohvv ri wkh
vl}h ghqlwlrq/ wkh dyhudjh hhfw frphv rxw srvlwlyh/ doehlw ghfuhdvlqj> wkh
odwwhu ehlqj d qdwxudo hhfw ri wkh zlghqlqj ghqlwlrq ri vl}h1 Doo rwkhu
frh!flhqwv duh hvwlpdwhg zlwk wkh h{shfwhg vljq dqg vhhplqjo| xqdhfwhg e|
wkh ghqlwlrq ri vl}h1 Uhshdwlqj wkh hvwlpdwlrq h{huflvh iru rwkhu ghqlwlrqv
ri wkh zdjh |lhogv vlplodu uhvxowv1
^Wdeoh 4 derxw khuh`
Wkh uhvxowv iurp wdeoh 4 srlqwv wrzdugv d srvlwlyh zdjh0vl}h hodvwlflw|/
udqjlqj iurp 3133: wr 3134; ghshqglqj rq wkh ghqlwlrq ri wkh vl}h phdvxuh1
Wkrxjk d gluhfw frpsdulvrq pd| qrw eh hqwluho| dssursuldwh/ wkhvh uhvxowv
duh lq jhqhudo djuhhphqw zlwk rwkhu hvwlpdwhv rhuhg lq wkh olwhudwxuh1 Iru
h{dpsoh/ oh Judqg +4<;<, hvwlpdwhv d sodqw vl}h hodvwlflw| ri ffD/z k h q
frqwuroolqj iru lqglylgxdo fkdudfwhulvwlfv dqg xvlqj gdwd iurp wkh Vzhglvk
ohyho ri olylqj Vxuyh| +OQX;4,/ zkloh Doeén hw do1 +4<<;, hvwlpdwhv wkh
sodqw vl}h hodvwlflw| wr ffS iru wkh |hdu 4<<4/ xvlqj 22 revhuydwlrqv iurp
OQX<4 pdwfkhg zlwk wkh Vzhglvk Hvwdeolvkphqw vxuyh| +DSX,1 Frpsdulqj
wkhvh uhvxowv zlwk wkh hvwlpdwhv suhvhqwhg lq wdeoh 4/ wkh frqfoxvlrq gudzq
lv wkdw wkh| gr qrw glhu lq dq| reylrxv zd|1
Lq wkh iroorzlqj lqtxlulhv lqwr wkh qdwxuh ri wkh vl}h hhfw/ wkh suhvhqwdwlrq
ri uhvxowv zloo eh olplwhg wr wkh ghqlwlrq ri wkh zdjh dv ? nS dqg vl}h dv
?￿
￿￿( vhh wkh eulhi glvfxvvlrq lq Vhfwlrq 6161
715 Lqwurgxflqj zlgh rffxsdwlrqdo ghqlwlrqv
Lq d vhfrqg vwhs/ D vxevdpsohv hdfk fruuhvsrqglqj wr zlgh rffxsdwlrqdo
ghqlwlrqv duh fuhdwhg/ dqg vhsdudwh zdjh htxdwlrqv hvwlpdwhg iru hdfk ri
wkhp1 Irfxvlqj rq wkh vl}h hhfw/ wkh hvwlpdwhv rewdlqhg duh looxvwudwhg lq
I l j x u h4 1R e y l r x v o | /z k d wn l q gr im r el vk h o ge |d ql q g l y l g x d op d w w h u v /l qw k h
vhqvh wkdw wkh hvwlpdwhg vl}h hhfw ydulhv/ exw rq dyhudjh lw lv voljkwo| vpdoohu
wkdq wkh rqh hvwlpdwhg lq Vhfwlrq 714/ wkh phdq vl}h hhfw gursslqj zlwk
derxw DIc frpsduhg wr wkh ryhudoo uhvxow lq Wdeoh 41 Krzhyhu/ revhuylqj wkh
45wzr pdunhgo| glhuhqw hvwlpdwhv lq wkh uljkw wdlo/ xvlqj lqvwhdg wkh phgldq
wkh gurs lv qhduo| 2DI D sduwlfxoduo| lqwhuhvwlqj revhuydwlrq lv wkh idfw wkdw
2fI ri wkh hvwlpdwhv duh dfwxdoo| qhjdwlyh/ zklfk pd| eh lqwhusuhwhg dv d
vljq ri wkh gloxwlqj hhfw ri wkh rffxsdwlrqdo frqwuro1
^Iljxuh 4 derxw khuh`
Wkrxjk gl!fxow wr lqwhusuhw mrlqwo|/ frqgxfwlqj whvwv ri 5eoJ vl}h hhfw
djdlqvw d wzr vlghg dowhuqdwlyh/ zh revhuyh d ghshqghqfh ehwzhhq rxwfrph
dqg wkh vljq ri wkh hvwlpdwh1 Zkloh wkhuh vwloo vhhpv wr eh hylghqfh ri d
srvlwlyh vl}h hhfw/ wkh uhvxowv ri wkhvh whvwv/ vxppdul}hg lq 5/ vkrz krz
rffxsdwlrq pd| kdyh d fulwlfdo lpsdfw rq wkh uhvxowv1
^Wdeoh 5 derxw khuh`
Zkloh fdvwlqj d voljkw vkdgrz/ wkh rffxsdwlrqdo frqwuro grhv idlo wr jlyh
ghflvlyh hylghqfh djdlqvw d srvlwlyh vl}h hhfw1 Li wkh hhfw lv lqghhg dq
duwlidfw/ gxh wr vrph gdwd ihdwxuh ru vwuxfwxudo ghwdlo/ wklv pd| eh lqwhusuhwhg
dv hylghqfh ri wklv ihdwxuh dovr rshudwlqj dw wkh rffxsdwlrqdo ohyho/ doehlw qrw
dv frqfoxvlyho|1
716 Wkh hhfwv ri rffxsdwlrqdo vshflf klhudufklhv
Zlwk wkh ghqlwlrqv ri rffxsdwlrqv xvhg lq Vhfwlrq 715 ehlqj udwkhu fuxgh/ wkh
hvwlpdwhg vl}h hhfwv rhuhg voljkw hylghqfh/ li dq|/ djdlqvw wkh k|srwkhvlv
ri d srvlwlyh fruuhodwlrq1 Krzhyhu/ diwhu ixuwkhu glvdjjuhjdwlrq ri wkh D
rffxsdwlrqv lqwr ohyhov/ uhvxowlqj lq 2SS vxevhwv zlwk dghtxdwh uhsuhvhqwdwlrq
iru hvwlpdwlrq ri vhsdudwh zdjh htxdwlrqv/ wkh slfwxuh ehfrphv pxfk pruh
iudjphqwhg1
^Iljxuh 5 derxw khuh`
Frqfhqwudwlqj |hw djdlq rq wkh vl}h hhfwv/ wkhlu hvwlpdwhv looxvwudwhg lq
Iljxuh 5/ wkh glvwulexwlrq kdv vkliwhg wr wkh ohiw/ zlwk d pdmrulw| ri qhjdwlyh
vl}h hhfwv1 Gxh wr rqh h{wuhph srvlwlyh hhfw wkh phdq vl}h hhfw lv vwloo
srvlwlyh/ dw fff./ krzhyhu wkh phgldq lv qhjdwlyh/ dw fff2Sf/z l w kw k h
pdmrulw| ri revhuydwlrqv foxvwhulqj durxqg 5eoJ Wkh lqglylgxdo whvwv qrz
jlyh ryhu efI ri wkh hvwlpdwhv ehlqj lqvljqlfdqw/ zkloh wkh qhjdwlyh vljq
grplqdwhv voljkwo| dprqj wkh vljqlfdqw hhfwv1
D forvhu vwxg| ri wkh whvw uhvxowv iru hdfk ohyho uhyhdov dq lqwhuhvwlqj
sdwwhuq/ looxvwudwhg lq Wdeoh 61 Wkhuh lv vrph hylghqfh ri d ghshqghqfh/
zlwk d uhodwlyho| kljkhu suhvhqfh ri qhjdwlyh hhfwv dw orzhu ohyhov/ vprrwko|
frqyhuwhg lqwr d kljkhu uhodwlyh suhvhqfh ri srvlwlyh hhfwv dw kljkhu ohyhov1
46^Wdeoh 6 derxw khuh`
Dvvhpeolqj wkh ohyhov dvvrfldwhg wr d jlyhq rffxsdwlrq/ wklv sdwwhuq lv
suhvhqw li qrw frqvlvwhqwo| dw ohdvw wr d uhfrjql}deoh ghjuhh lq qxphurxv fdvhv/
looxvwudwhg lq Iljxuh 6 iru wkh vhyhq ohyhov dvvrfldwhg zlwk rffxsdwlrq Sff od0
ehohg shuvrqqho dgplqlvwudwlrq1 Lq wklv jxuh/ wkh fruuhvsrqglqj hvwlpdwhg
uhjuhvvlrq htxdwlrqv iru hdfk ohyho duh hydoxdwhg dw wkh prgh ri wkh revhuyhg
h{sodqdwru| yduldeohv h{fhsw vl}h/ wr jhqhudwh suhglfwhg zdjhv dw ydulrxv ydo0
xhv ri up vl}h1 Wr sxw wkhvh olqhv lqwr shuvshfwlyh/ wkh| duh sorwwhg wrjhwkhu
zlwk wkh revhuyhg frpelqdwlrqv ri zdjhv dqg vl}hv1 Rwkhu iuhtxhqw sdwwhuqv
wkdw hphujh xvlqj wklv surfhgxuh/ duh prvwo| qhjdwlyh/ prvwo| srvlwlyh/ dqg
prvwo| lqvljqlfdqw1
^Iljxuh 6 derxw khuh`
Zkhq froohfwlqj rffxsdwlrqv lqwr idplolhv dq lqglfdwlrq ri dqrwkhu nlqg ri
ghshqghqfh pd| eh glvfhuqhg/ zkhuh rffxsdwlrqv zlwk qhjdwlyh hhfwv grp0
lqdwlqj wkhlu ohyhov vhhp wr foxvwhu wrjhwkhu/ dqg fruuhvsrqglqjo| iru rffx0
sdwlrqv zlwk srvlwlyh hhfwv1 Wkh vljqlfdqfh ri wklv lv xqfohdu1 Lqwhusuhwlqj
wkh uhvxowv dv d zkroh/ wkhvh uhvxowv jlyh whvwlprq| djdlqvw d frqvlvwhqw dqg
rqh vlghg vl}h hhfw1 Li wkhuh h{lvwv d vl}h hhfw wkh hylghqfh srlqwv dw d pxfk
pruh uhqhg vwuxfwxuh1
8F r q f o x v l r q
H{dplqlqj wkh uhvxowv lq Vhfwlrq 7/ dqg lq sduwlfxodu wkh glhuhqfhv revhuyhg
ehwzhhq uhvxowv lq Vhfwlrqv 7150716/ wzr whqwdwlyh frqfoxvlrqv gudzq duh wkdw
wkh rffxsdwlrq pd| pdwwhu/ wkrxjk shukdsv qrw lpphgldwho| dqg qrw lq
dq reylrxv pdqqhu/ dqg wkdw wkh h{lvwhqfh dqg frqwuro ri dq| rffxsdwlrqdo
klhudufk| kdv d surirxqg lpsdfw/ wr wkh h{whqw wkdw wkh vl}h hhfw/ li lw h{lvwv/
lv qrw qhfhvvdulo| srvlwlyh1
Li zh duh qrw zloolqj wr dedqgrq wkh lghd ri dq h{lvwlqj vl}h hhfw/ wkh
sureohp uhpdlqlqj lv wr qg d sodxvleoh h{sodqdwlrq iru wkh revhuyhg vl}h
hhfw sdwwhuq1 Wr wkdw hqg/ pdwfklqj dqg wrxuqdphqw wkhrulhv pd| rhu
vrph lpsruwdqw lqvljkwv1 Iru lqvwdqfh/ odujh upv pd| xvh orzhu zdjhv dw
orzhu ohyhov dv d frpelqhg vfuhhqlqj dqg prqlwrulqj ghylfh1 Vfuhhqlqj wr
pdnh fhuwdlq wkdw kljkhu ohyho mrev duh oohg zlwk kljko| vnloohg dqg vshfldo0
l}hg zrunhuv/ zkr duh wkrvh wkdw pd| eh zloolqj wr fkrrvh d orzhu zdjh dw d
orz ohyho mre/ iru wkh srvvlelolw| ri hduqlqj d zdjh suhplxp dw d kljk ohyho
mre lq wkh ixwxuh1 Prqlwrulqj lq wkh vhqvh wkdw zrunhuv zkr gr qrw dgydqfh/
ehfdxvh wkh| gr qrw vkrz wkh uhtxluhg dswlwxgh/ exw iru vrph uhdvrq fkrrvh
47wr vwd|/ zloo frqwlqxh frqwulexwlqj wr wkh suhplxp sdlg wr wkrvh zkr gr
dgydqfh1
D pruh vshfxodwlyh dssurdfk dydlodeoh lv wr wkhrul}h derxw dq| h{lvwlqj
vwuxfwxudo glhuhqfhv ehwzhhq vpdoo dqg odujh upv/ dqg wkh hhfw wkhvh pd|
k d y hr qw k hz d j hs u r  o h 1 I r ul q v w d q f h /w k hs r v l w l y hh  h f wd wk l j k h uo h y h o v
pd| eh dwwulexwhg wr wkh srvvleo| fdsshg surgxfwlylw| ri kljko| vnloohg dqg
vshfldol}hg zrunhuv dw vpdoo hvwdeolvkphqwv1 Vlpso| sxw/ wkh vpdoo up pd|
q r wq h h gr ue hd e o hw ri x o o |x w l o l } hv x f kdz r u n h u 1 F r q y h u v h o | /v p d o o u p v
pd| zdqw wr khgjh djdlqvw wkh ulvnv dvvrfldwhg zlwk hpsor|hh0 ljkw e| klulqj
dqg sd|lqj d suhplxp iru zrunhuv zlwk pruh jhqhudo vnloov/ jlylqj ulvh wr wkh
qhjdwlyh uhodwlrqvkls dw orz ohyhov1
Ixuwkhu h{sorudwlrq ri wkh vwuxfwxuh lpsrvhg rq zdjhv e| rffxsdwlrqdo
klhudufklhv uhyhdov krz d vl}h hhfw pd| eh mxvw dq lqyhqwlrq1 Lq Iljxuh 7/ wkh
mlwwhu sorwv ri hvwdeolvkphqw vl}h djdlqvw ohyhov iru rffxsdwlrq Sffc shuvrqqho
dgplqlvwudwlrq/ looxvwudwh d vwuxfwxuh wkdw pd| eh irxqg lq yluwxdoo| hyhu|
rffxsdwlrq1 Zlwk ohyhov riwhq ghqhg lq whupv ri wkh h{whqw ri pdqdjhuldo
dqg exgjhwdu| uhvsrqvlelolwlhv dwwdfkhg wr wkh mre wlwoh/ wkh dydlodelolw| ri
kljk ohyho mrev dw vpdoo upv lv vhyhuho| olplwhg e| frqvwuxfwlrq> wkhuh pd|
q r we hh q r x j kh p s o r | h h vw rp d q d j hr uw k he x g j h ww re hu h v s r q v l e o hi r up d |
eh wrr vpdoo1 Wklv fuhdwhv d srvlwlyh fruuhodwlrq ehwzhhq vl}h dqg ohyhov/
zklfk fdq eh ixuwkhu dpsolhg e| wkh uhodwlyh vfduflw| ri orz ohyho mrev dw
odujh hvwdeolvkphqwv1 Khqfh/ frpelqhg zlwk wkh uhdvrqdeoh dvvxpswlrq ri d
srvlwlyh fruuhodwlrq ehwzhhq wkh ohyho dqg wkh zdjh/ d vl}h hhfw pd| yhu|
zhoo frph rxw srvlwlyh dqg vljqlfdqw li zh idlo wr frqwuro iru wkh h{lvwhqfh
ri klhudufklhv/ pdnlqj lw dq duwlidfw ri wkh gdwd udwkhu wkdq dq dffxudwh
ghvfulswlrq ri wkh zruog1
^Iljxuh 7 derxw khuh`
48Uhihuhqfhv
Doeén/ N1/ Dudl/ P1/ Dvsoxqg/ U1/ Eduwk/ H1 ) Pdgvhq/ H1 V1 +4<<;,/ cPhd0
vxulqj zdjh hhfwv ri sodqw vl}h*/ Oderxu Hfrqrplfv 8+7,/ 75877;1
Dudl/ P1 +4<<<,/ Zdjhv/ surwv dqg fdslwdo lqwhqvlw|= Hylghqfh iurp pdwfkhg
zrunhu2up gdwd/ Uhvhdufk Sdshu <<=6/ Ghsduwphqw ri Hfrqrplfv/
Vwrfnkrop Xqlyhuvlw|1
Eurzq/ F1 ) Phgr/ M1 +4<;<,/ cWkh hpsor|hu vl}h0zdjh hhfw*/ Wkh Mrxuqdo
ri Srolwlfdo Hfrqrp| <:+8,/ 435:438<1
Idoorq/ S1 ) Yhuu|/ G1 +4<;;,/ Wkh hfrqrplfv ri oderxu pdunhwv/ Sklols Doodq/
Orqgrq1
Od}hdu/ H1 S1 +4<<5,/ Wkh mre dv d frqfhsw/ lq Z1 M1 Euxqv Mu/ hg1/ cPhd0
vxuhphqw/ hydoxdwlrq/ dqg lqfhqwlyhv*/ Kduydug Exvlqhvv Vfkrro Suhvv/
Ervwrq/ ss1 4;65481
oh Judqg/ F1 +4<;<,/ Lqwhuqd duehwvpdunqdghu/ hnrqrplvn vhjphqwhulqj rfk
vrfldo vnlnwqlqj1 Hq vwxglh dy duehwvolyvvwuxnwxuhu/ dqvwçooqlqjvvwdelolwhw
rfk oùqhvnlooqdghu1/ SkG wkhvlv/ Vzhglvk Lqvwlwxwh iru Vrfldo Uhvhdufk/
Vwrfnkrop xqlyhuvlw|1
Rl/ Z1 \1 ) Lgvrq/ W1 O1 +4<<<,/ Ilup vl}h dqg zdjhv/ Yro1 6 ri Kdqgerrn ri
Oderu Hfrqrplfv/ Hovhylhu Vflhqfh/ fkdswhu 66/ ss1 549955471
VRX +4<<6,/ Oùqhvnlooqdghu rfk oùqhglvnulplqhulqj1 rp nylqqru rfk pçq l
duehwvpdunqdghq1/ Yro1 4<<6=:/ Doopçqd Iùuodjhw/ Vwrfnkrop1
Vyhqvnd Duehwvjlyduhiùuhqlqjhq/ +4<;5,/ Ehidwwqlqjvqrphqnodwxu1 Wmçq0
vwhpçq1/V D II ù u o d j /V w r f n k r o p 1
49Wdeoh 4= Hvwlpdwhg vl}h hhfwv iru ydulrxv vl}h phdvxuhv/
zdjh ghqhg ? n S1
Prgho= +4,1 +5,1 +6,1 +7,1
Ghshqghqw yduldeoh= orj zdjh1
k 614<7 61539 6155< 6156:
+9761;4;, +9731754, +9781:65, +9751:<5,
q@ 3138; 3138; 3138; 3138;
+5741656, +5731:36, +56<15;7, +56<168<,
q@2 031334 031334 031334 031334
+054715;5, +05461;3<, +054519:6, +05451:85,
qR| 03139< 0313:4 0313:5 0313:5
+0881;6:, +08918:3, +08:15;3, +08:18<<,
qr 031554 031554 031555 031556

















-2 31689 31684 3167: 31678
￿Vl}h ghqhg dv orj qxpehu ri zklwh froodu zrunhuv lq hvw1
2Vl}h ghqhg dv orj qxpehu ri zklwh froodu zrunhuv dw up1
￿Vl}h ghqhg dv orj wrwdo qxpehu ri zrunhuv lq hvw1
eVl}h ghqhg dv orj wrwdo qxpehu ri zrunhuv dw up1
4:Iljxuh 4 Glvwulexwlrq ri rffxsdwlrq vshflf vl}h hhfwv/ qr￿/ zlwk zdjh gh0
qhg dv ?nS dqg vl}h ghqhg dv ?￿
￿￿> klvwrjudp dqg ghqvlw| hvwlpdwh xvlqj
wkh Hsdqhfkqlnry nhuqho1 Wkh yhuwlfdo olqh vkrzv wkh djjuhjdwh hvwlpdwh iurp
wkh fruuhvsrqglqj froxpq lq Wdeoh 41









4;Wdeoh 5= Whvwlqj wkh rffxsdwlrq vshflf zdjh0vl}h hhfw>
vxppdu|/ Mf G qr￿ 'f c djdlqvw d wzr0vlghg dowhuqdwlyh1
Zdjh ghqhg dv ?nS d q gv l } hg h  q h gd v?￿
￿￿1W k he qr￿
uhihu wr wkh revhuyhg vljq ri wkh hvwlpdwhg sdudphwhu1
Vljqlilfdqw- Lqvljqlilfdqw
e qr￿ : f 69 7
e qr￿ 	 f 89
WVljqlfdqw rq wkh 8( ohyho1
4<Iljxuh 5 Glvwulexwlrq ri rffxsdwlrq ohyho vshflf vl}h hhfwv/ qr￿/z l w kz d j h
ghqhg dv ?nS dqg vl}h ghqhg dv ?￿
￿￿> klvwrjudp dqg ghqvlw| hvwlpdwh xv0
lqj wkh Hsdqhfkqlnry nhuqho1 Wkh yhuwlfdo olqh vkrzv wkh djjuhjdwh hvwlpdwh
iurp wkh fruuhvsrqglqj froxpq lq Wdeoh 41









53Wdeoh 6= Whvwlqj wkh mre vshflf zdjh0vl}h hhfw> vxp0
pdu| dqg e| ohyho/ Mf G qr￿ 'f c djdlqvw d wzr0vlghg
dowhuqdwlyh1 Zdjh ghqhg dv ? nS dqg vl}h ghqhg dv
?￿
￿￿1W k he qr￿ uhihu wr wkh revhuyhg vljq ri wkh hvwlpdwhg
sdudphwhu1
Doo Vljqlilfdqw- Lqvljqlilfdqw
e qr￿ : f 95 85
e qr￿ 	 f ;< 96
Ohyho 4
e qr￿ : f 37
e qr￿ 	 f 44 9
Ohyho 5
e qr￿ : f :9
e qr￿ 	 f 4< 44
Ohyho 6
e qr￿ : f 44 9
e qr￿ 	 f 55 <
Ohyho 7
e qr￿ : f 47 :
e qr￿ 	 f 56 8
Ohyho 8
e qr￿ : f 47 9
e qr￿ 	 f 46 43
Ohyho 9
e qr￿ : f <4 :
e qr￿ 	 f 44 6
Ohyho :
e qr￿ : f :9
e qr￿ 	 f 3<
WVljqlfdqw rq wkh 8( ohyho1
54Iljxuh 6 Wkh revhuyhg frpelqdwlrqv ri zdjhv dqg vl}hv iru mre frqwhqw Sffc
shuvrqqho dgplqlvwudwlrq/ dqg wkh suhglfwhg zdjhv dv d ixqfwlrq ri up vl}h/
hydoxdwhg dw wkh prgh ri doo rwkhu yduldeohv/ e| ohyho1 Wkh wklfn uhihuhqfh
olqh fruuhvsrqgv wr suhglfwhg ydoxhv ri wkh hvwlpdwhg htxdwlrq iru shuvrqqho
dgplqlvwudwlrq lq Vhfwlrq 715/ fdofxodwhg dqdorjxrxvo|1












55Iljxuh 7 Mlwwhu sorwv ri hvwdeolvkphqw vl}h e| ohyho/ mre frqwhqw Sff/s h u v r q 0
qho dgplqlvwudwlrq1 Qrwlfh wkh vfduflw| ri kljk ohyho mrev dw vpdoohu hvwdeolvk0
phqwv/ uhvxowlqj lq d zhdn exw vljqlfdqw srvlwlyh fruuhodwlrq ehwzhhq vl}h
dqg ohyhov1










Wkh EQW frgh zdv ghyhorshg lq 4<88 dqg kdv ehhq uhylvhg vhyhudo wlphv
vlqfh> Duehwvjlyduhiùuhqlqjhq +4<;5,1Wkh r!fldo sxusrvh iru lwv xvh lv nhhslqj
uhfrugv ri zdjh uhodwhg vwdwlvwlfv/ dqg qrw wr xvh dv gluhfw lqsxwv lq wkh zdjh
vhwwlqj surfhvv +lqglylgxdo/ ru rffxsdwlrqdo,1 Vhh sdjh 537 lq VRX +4<<6,1
Wdeoh 7= Srvlwlrq qrphqfodwxuh/ zklwh froodu zrunhuv1
Idplo| Frgh Ohyhov H{sodqdwlrq +Mre Frqwhqw,
3 Dgplqlvwudwlyh zrun
353 : Jhqhudo dqdo|wlfdo zrun
358 9 Vhfuhwduldo zrun
393 9 H!flhqf| lpsuryhphqw dqg ghyhorsphqw
3:3 9 Dssolhg gdwd surfhvvlqj=
v|vwhp dqdo|vlv dqg surjudpplqj
3:8 : Dssolhg gdwd surfhvvlqj=
rshudwlrq
3:9 7 Nh| sxqfklqj
4 Surgxfwlrq pdqdjhphqw
433 7 Orfdo dgplqlvwudwlrq ri sodqwv dqg eudqfkhv
443 8 Pdqdjhphqw=
surgxfwlrq/ wudqvsruwdwlrq dqg pdlqwhqdqfh
453 8 Vxshuylvlrq
surgxfwlrq/ wudqvsruwdwlrq dqg pdlqwhqdqfh
473 8 Vxshuylvlrq/ exloglqj dqg frqvwuxfwlrq
493 7 Dgplqlvwudwlrq/ vxshuylvlrq zlwklq iruhvwu|
5 Uhvhdufk dqg ghyhorsphqw
533 9 Pdwkhpdwlfdo zrun
543 : Oderudwru| zrun
6 Frqvwuxfwlrq dqg ghvljq
643 : Phfkdqlfdo dqg hohfwulfdo ghvljq hqjlqhhulqj
653 9 Frqvwuxfwlrq dqg frqvwuxfwlrq surjudpplqj
663 9 Dufklwhfwxudo zrun
683 : Ghvljq/ gudzlqj dqg ghfrudwlrq
6;3 7 Skrwrjudsk|
6;4 5 Vrxqg whfkqrorj|
57+frqwlqxhg iurp suhylrxv sdjh,
Idplo| Frgh Ohyhov H{sodqdwlrq
7 Whfkqlfdo phwkrgrorj|/ hwf
733 9 Surgxfwlrq hqjlqhhulqj
743 : Surgxfwlrq sodqqlqj
748 9 Wud!f dqg wudqvsruwdwlrq sodqqlqj
773 : Txdolw| frqwuro
7:3 9 Whfqlfdo vhuylfh
7;3 8 Lqgxvwuldo suhyhqwlyh khdowk fduh/
uh surwhfwlrq/ dqg vhfxulw|
8 Frp1/ oleudu| dqg dufklydo zrun
883 8 Lqirupdwlrq zrun
893 8 Hglwruldo zrun dqg sxeolvklqj
8:3 7 Hglwruldo zrun/ whfkqlfdo lqirupdwlrq
8<3 9 Oleudu|/ dufklyhv dqg grfxphqwdwlrq
9 Shuvrqqho zrun
933 : Shuvrqqho dgplqlvwudwlrq/ jhqhudo
953 9 Hgxfdwlrqdo sodqqlqj
973 7 Phglfdo fduh zlwklq lqgxvwulhv
: Jhqhudo vhuylfhv
::8 6 Uhvwdxudqw zrun
; Exvlqhvv dqg wudgh
;33 : Pdunhwlqj dqg vdohv
;48 7 Vdohv zlwklq vwruhv dqg ghsduwphqw vwruhv
;58 7 Wudyho djhqf| zrun
;63 7 Vdohv dw h{klelwlrqv/ hwf
;68 6 Fxvwrphu vhuylfh
;73 8 Whqghu fdofxodwlrq
;83 8 Rughu surfhvvlqj
;88 7 Lqwhuqdo surfhvvlqj ri fxvwrphu uhtxhvwv
;93 8 Dgyhuwlvlqj
;:3 : Ex|lqj
;;3 9 Pdqdjhphqw ri lqyhqwru| dqg vdohv
;<3 9 Vklsslqj dqg iuhljkw vhuylfhv
58+frqwlqxhg iurp suhylrxv sdjh,
Idplo| Frgh Ohyhov H{sodqdwlrq
< Ilqdqfldo zrun dqg riilfh vhuylfhv
<33 : Ilqdqfldo dgplqlvwudwlrq
<53 9 Pdqdjhphqw ri krxvlqj dqg uhdo hvwdwh
<73 9 Dxglwlqj
<:3 7 Whohskrqh zrun
<;8 9 R!fh vhuylfhv
<;9 4 Fkdxhxulqj
59